1 ' 2 in 1959, reported that 0.1 U./ml. of insulin, in vitro, increased the resting membrane electrical potential (RP) of rat skeletal muscle. More recently, it has been shown that a smaller concentration of insulin (.01 U./ml.) produces the same increment of RP (hyperpolarization) with skeletal muscle from hypophysectomized rats. 3 Beigelman and Hollander 45 demonstrated, in vitro, a significant relationship between concentrations of insulin in the i-i,ooo/iU./rnl. (1 X Io~3 -* X 10" 6 U./ml.) range and increased RP of rat epididymal adipose tissue. This insulin effect is reversible, the adipose tissue RP diminishing tov/ards baseline levels as insulin is replaced by insulin-free control solution. Rat age is very important, insulin causing little or no change of adipose tissue RP in old rats. Other proteins, including gelatin, serum albumin, insulin antiserum, and ACTH, have no effect on adipose tissue RP. 6 Insulin antiserum completely blocks the increase of rat adipose tissue RP associated with insulin.
In i960, Miller and Constant 7 " demonstrated elevation of RP in ocular ciliary body epithelium with 0.1-0.3 U./ml. of insulin. This insulin effect upon ciliary body epithelium was observed following decrease of RP, these low potentials occurring spontaneously or in response to intravenous glucose injected before enucleation. The rise of ciliary body RP induced by insulin was, essentially, a return to control levels of RP.
It is of particular interest that increase of RP by insulin in the three tissues studied, skeletal muscle, adipose tissue, and ciliary body epithelium, was unaffected by omission of glucose from the medium. This observation eliminates the likelihood that insulininduced increase of RP is secondary to glucose transport into the cell. Insulin effect on RP may be mediated by an alteration of the gradient or flux between intracellular and extracellular ions. Such a gradient of potassium ion (K + ) has been widely accepted as the determinant of RP, at least in nerve and muscle. 8 However, no clear-cut quantitative or temporal relationships can be demonstrated between K + transport and insulin effect on skeletal muscle RP.
-
2 Insulin increases intracellular potassium of rat epididymal adipose tissue without need of glucose in the medium. 9 Marked, nonphysiological alterations of extracellular K + are required to change adipose tissue RP significantly, and these changes are much smaller than those associated with insulin. 10 Similarly, enormous changes of extracellular K + are required to alter thyroid tissue RP. 11 An ion other than K + may determine RP in some tissues. A preliminary report suggests the principal action of insulin upon skeletal muscle is extrusion of intracellular sodium, the changes of K + and RP being ancillary. 12 Possibly, changes in amino acid, monosaccharide, and ion transport caused by insulin are secondary to a primary insulin effect on the cell manifested by the change in RP. Perhaps, the mechanism of RP is similar to that proposed by Grundfest, 13 the membrane functioning as a "bio-electric generator." Preliminary evidence indicates that, in vitro, physiological concentrations of epinephrine and norepinephrine increase rat adipose tissue RP. 6 A vital relation exists between these hormones and intracellular substrate which provides energy required to maintain membrane transport systems. 14 These hormones may affect RP by an identical or similar mechanism. As investigations of insulin and RP continue, one may properly reflect upon the nature and origin of cell membrane RP. There is evidence that differences exist between RP of "nonexcitable" and "excitable" tissues. Tissues are defined as "nonexcitable" if they do not readily respond to electrical stimulation with an action potential as do "excitable" tissues. The RP of nonexcitable tissues, including fat, thyroid, ciliary body epithelium, corneal epithelium, 15 These important differences between the RP of these two types of tissue suggest that each may be a distinct electrophysiological entity.
This brief discussion emphasizes that new concepts, some as yet unformulated, will be required for interpretation of data obtained with these new electrophysiological technics. Correlation of such electrophysiological investigations with biochemical, histologic, electron microscopic, and cliniczl studies are already yielding promising results.
